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Methods
The appropriateness of 5665 hospital days contributed by 500 patients admittedfor inappropriateness is crucial for the understanding of this phenomenon. Unfortunately, only few studies 14 " 16 have sought to identify risk factors for inappropriateness of hospital days.
In this paper, we examined the appropriateness of days spent in the hospital by a cohort of patients admitted to a department of internal medicine of a teaching hospital in Geneva, Switzerland. The study aimed to identify patient and hospitalization characteristics associated with inappropriateness. The ultimate purpose of the study was to facilitate a reassessment of hospitalization processes, leading to interventions to reduce inappropriate stays.

Study setting and sample
This study was conducted at the Department of Internal Medicine of a public teaching hospital (Geneva University Hospitals, Geneva, Switzerland). 17 Between November 1994 and February 1995, a systematic 1:2 sample of admitted patients was 513 drawn from computer-generated patient lists until a sample size of 500 was reached. All selected patients were included in the study. Study procedures were approved by the Hospital board.
Study variables and data collection
The main outcome variables was the appropriateness of each hospital day, assessed by trained research assistants using a slightly modified version of the Appropriateness Evaluation Protocol.
1 " 3 ' 18 Evaluations were conducted at least twice weekly for each patient. The chief reasons for inappropriate days were assessed using the Delay Tool. 1920 Information was abstracted from medical and nursing records, and was complemented by discussions with clinic staff whenever necessary.
Predictor variables included patient characteristics (age, sex), characteristics of the hospital stay (appropriateness of admission, admission and discharge processes, length of stay), and characteristics of each hospital day (day of week, ChristmasNew Year holiday period, rank of each day during the hospital stay). Information on all predictors was available from routine records.
Appropriateness Evaluation Protocol (AEP) instrument
The AEP uses 27 criteria to assess the appropriateness of each hospital day (11 relate to medical services, 7 to nursing services, and 9 to patient health status). To adapt the instrument to local needs, we added five day-specific appropriateness criteria (day of patient death, patient on weekend leave, experimental treatment for which hospitalization is desirable, and investigations for which hospitalization is either necessary or desirable). The A£P also measures the appropriateness of hospital admissions, using 17 criteria which pertain to clinical stability of the patient, necessity of medical interventions, and planned surgical procedure within 24 hours. An admission is deemed appropriate if one or more of these criteria is satisfied. 17 Research assistants were trained during the pilot phase of the study. Inter-rater reliability of the AEP assessments was tested on 50 patients both during the pilot phase and in the middle of the study, when each patient was evaluated by the two abstractors, and by the first author. Three-way kappa coefficients were 0.81 (95% confidence interval [CI] : 0.70-0.92) for appropriateness of admissions, and 0.78 (95% CI : 0.73-0.83) for appropriateness of hospital days.
Analysis
The sample size allowed the 95% CI of the proportion of inappropriate days to have a width of ±2%, assuming a proportion of 30%, a mean of 10 days per admission, and a doubling of variance due to the correlation of observations obtained in the same patient.
Proportions of days rated as inappropriate were computed overall, and for subgroups of patients and hospital days. To account for the interdependence of observations made in the same patient, standard errors were estimated using methods for cluster sampling, 2 ' as implemented on Epilnfo 6.O. 22 The overall 'design effect' (the ratio of true variance to naive variance, computed assuming independence of all observations) was 6.3, indicating stronger within-patient clustering of inappropriate days than we anticipated.
To further assess the equity in the distribution of hospital resources among patients, we plotted the cumulative percentage of appropriate and inappropriate hospital days against the cumulative percentage of patients (in economics, this is called the Lorenz curve; 23 this tool was recently applied to descriptions of exposure-disease associations 24 ). When the Lorenz curve equals the identity function, the distribution of resources is perfectly equitable; the closer the curve is to the lower right comer, the greater the inequity.
To explore associations between continuous predictors and inappropriateness, we used non-parametric regression, 25 and for multivariate analyses, logistic regression models. 26 Because standard error estimates on odds ratios (OR) would be inaccurate in the presence of within-patient clustering, we obtained CI from a bootstrap procedure:
27 the logistic regression model was estimated in a large number of subsamples (N = 399) derived from the original study sample. These subsamples were of the same size as the original sample (500 patients), but were obtained with replacement (thus a patient can appear once, more than once, or not at all, in any given subsample). Confidence intervals were then obtained from the empirical distribution of regression coefficients. Analyses were programmed using macro language in SPSS-Windows.
Results
Sample characteristics
During the study period, 500 patients were enrolled and followed until discharge, for a total of 5665 days of hospitalization. There were 282 men and 218 women, 16-95 years old (mean 65.9, standard deviation 18.5, quartiles 55, 68, and 81 years). Length of stay ranged from 1 to 60 days (mean 11.3, standard deviation 8.4, quartiles 6, 9 and 15 days). Seventy-six (15%) hospital admissions were rated as inappropriate by the AEP. 17 Most patients (321, 64%) were admitted after triage at the Emergency Department, 121 (24%) were admitted directly, upon request by the patient's physician, and 58 (12%) were transferred from other hospital wards, mostly (55 patients) from the medical intensive care unit. Forty-five (9%) patients died in the hospital. Among those discharged alive, 314 (63%) returned home, and 141 (28%) were transferred to another health care facility.
Distribution of inappropriate hospital days
Using the modified version of the AEP, 1584 (28%) hospital days were rated as inappropriate (using the more stringent original version of the instrument, the proportion was 31%). The number of inappropriate days per patient ranged from 0 to 32 (mean 3.2, standard deviation 4.4, quartiles 0, 1 and 5 days). Overall, 223 (45%) patients had no inappropriate days, and the other patients were distributed as follows: 1 day: 39 (8%), 2 days: 36 (7%), 3 days: 35 (7%), 4 days: 26 (5%), 5 days: 25 (5%), 6 days: 22 (4%), 7 days: 17 (3%), 8 days or more: 77 (15%) patients.
Inappropriate hospital days were concentrated among a minority of patients: 9% of patients accounted for 40% of inappropriate days, 19% of patients accumulated 64% of inappropriate days, and 29% of patients accumulated 80% of inappropriate days. The Lorenz curve of the use of inappropriate days approached the lower right comer, indicating that inappropriate 
Causes of appropriate days
For each hospital day, research assistants noted all relevant reasons justifying hospitalization (from a list of 32). In total, 7336 motives were assigned to 4081 appropriate hospital days (1.8 motive per day, range: 1-6). The most frequent reasons were: parenteral therapy (2360, 32%), monitoring by nurse (1735, 24%), respiratory care (615, 8%), intramuscular and/or subcutaneous injections (441, 6%), experimental therapy (439, 6%), myocardial infarction or stroke within 14 days (421, 6%), and intake and output measurement (322, 4%).
Causes of inappropriate days
Causes of inappropriate hospital days were grouped into nine main categories. A total of 1909 causes were assigned to 1584 inappropriate days (1.2 causes per day, range 1-4). The most frequent causes were related to the discharge process (939, 49%), delays in tests and investigations (440, 23%), delays in medical decisions (293, 15%), and delays in specialized consultations (209, 11%).
Patient and admission characteristics associated with inappropriateness
The proportion of days rated as inappropriate was similar in men and women, but older patients tended to have more inappropriate days than younger patients (Table 1) . Patients whose hospital admission was justified had fewer inappropriate days than patients whose admission was not justified. Overall, inappropriate admissions generated 30% of inappropriate hospital days. Patients who were admitted direaly to the ward generated more inappropriate days than patients who were fully evaluated at the Emergency Department. Patients who died in the hospital generated relatively fewer inappropriate days than patients who were discharged alive. The duration of the hospital stay was only weakly associated with the average level of inappropriateness.
Day-specific predictors of inappropriateness
The frequency of inappropriate days did not differ between weekdays (Table 2 ). There were slightly fewer inappropriate days during the Christmas-New Year holiday, although the difference was not statistically significant. The proportion of inappropriate days increased sharply from admission to discharge: the initial days of a hospital stay were much less often inappropriate than the last days.
A relationship between day of hospitalization and inappropriateness was observed only for appropriate admissions (Figure 2, upper panel) . When an admission was inappropriate, about half of subsequent hospital days were inappropriate, and this proportion was stable over time.
Following appropriate admissions, the relationship between inappropriateness and day of hospitalization depended on the length of stay: the proportion of inappropriate days increased faster for shorter than for longer stays (Figure 2 , lower panel). Findings were similar when days were counted backwards, starting with the day of discharge (not shown): for any duration of stay, the last days of hospitalization were the most likely to be inappropriate.
Multivariate model
In logistic regression analyses, older patient age, an inappropriate reason for hospital admission, and a later time in the hospitalization (both when days were counted from admission and when they were counted backward from discharge), remained strongly and independently associated with an increased likelihood of inappropriateness of a hospital day (Table 3) .
Discussion
This study identified several independent predictors of inappropriateness of a hospital day in internal medicine wards of a Swiss teaching hospital. Older patients, and patients whose admission was inappropriate were more likely to generate inappropriate hospital days. In addition, the likelihood of inappropriateness increased gradually during the hospital stay, regardless of its overall duration.
The overall proportion of inappropriate days was 28%, similar to previous reports. 1 " 61 '~1 6 If the AEP provides a valid assessment of appropriateness, these figures are impressive: few sectors of the economy could afford to produce 28% of unjustified output. In addition, estimates of inappropriateness based on the AEP are probably conservative, since a day in the hospital could be rendered 'appropriate' by performing an unnecessary intervention, such as placing an intravenous line in a patient who did not need it. Questioning the appropriateness of each medical procedure might have resulted in even higher estimates of inappropriate care. 
Predictors of inappropriateness and Implications for preventive action
Inappropriate days were four times more common among patients >80 years than in patients <50 years, after adjustment for other predictors. Such an age-gradient was seen in some (10) 5665 (100) 3149 (56) 2615 (44) 987 (17) 762 (13) 979 (17) 1405 (25) 1532 (27) 4727 (83) 938 (17) 3598 (64) 1328 (23) 739 (13) 3140 (55) 2130 (38) 395 (7) 838 (15) 1916 ( but not all 1516 other settings. This suggests that in some settings, including ours, hospitalization procedures are not well suited for the oldest patients. Some resources now devoted to acute care of the elderly may be more wisely invested in other types of health services, such as chronic care and adult day-care. However, if such resources are not available, hospitalization in an acute care hospital may still be justified for social reasons, if not for medical reasons.
Unjustified admissions caused relatively more inappropriate days than appropriate admissions, which has also been reported previously.
6 ' 14 ' 16 Admission criteria at our hospital were not stringent enough: some patients were admitted for investigations that have not been planned properly, causing unnecessary waiting days, or for investigations that could have been conducted on an outpatient basis. Risk factors for inappropriate admissions included better physical functioning of the patient, lower mental health status in the patient's spouse, receipt of informal help from family or friends, and hospitalization by one's own physician; but overall, direct admission to the wards without full assessment at the Emergency/Admissions Department was the strongest predictor of inappropriate admission. Following this study, the admission process to our department was re-evaluated by a working group which included local community physicians; as a result, a dedicated telephone line was established, to allow community and hospital-based physicians to plan together elective hospitalizations. The discharge process also generated many inappropriate days. Whether days were counted from the admission or up to discharge, the proportion of inappropriate days increased steadily as time went by, culminating on the day of discharge. Similar findings, although not stratified by length of stay, have been published previously.
14 A second working group at our department reassessed selected discharge processes.
The creation of the two working groups was not only motivated by our results, but rested also on a qualitative evaluation of the hospitalization processes conducted shortly after this study. External consultants discussed possible causes of inappropriate hospital stay with physicians, nurses and social workers, reviewed in detail all processes of care that were identified in these discussions, built a flow chart for each process of care, and quantified the possible impaa of each dysfunction on the overall length of stay. This evaluation also identified the admission and discharge processes as key to the reduction of inappropriate hospital stays (Calvo A el al., Bossard Consultants, Barcelona, unpublished document, 1995). The similarity of conclusions from the quantitative outcome-oriented study and the qualitative process-oriented evaluation lends credibility to these shared findings.
Despite the strong positive relationship between day since hospitalization and inappropriateness, short stays did not generate significantly fewer unnecessary days than did longer stays. The potential impaa on appropriateness of a global reduaion in the average length of stay is therefore unclear. 10 To maintain the quality of hospital care, interventions should strive to eliminate inappropriate days regardless of length of stay, and not necessarily focus on avoiding long stays. Authorizing a fixed number of hospital days for a given diagnosis, as is commonly done by utilization review firms in the US, will not necessarily reduce the proportion of inappropriate hospital days.
Assessing the Appropriateness Evaluation Protocol instrument
The AEP is potentially a useful instrument for evaluating interventions aimed at reducing inappropriate hospital stays. Its inter-rater reliability was excellent (kappa = 0.8). This level of agreement was higher than in several previous studies, 1 ' 3 ' 6 ' 17 perhaps because we relied on prospectively collected data, with access to real-time information, and not on medical records alone. Content validity of this instrument, although not perfect, is indirectly supported by the repeated successful use of the AEP in numerous countries over the past 15 years, with only small adjustments to local conditions. Construct validity is supported by the convergence in conclusions drawn from the use of the AEP and from a qualitative evaluation based on other sources of information.
Nevertheless, the AEP may be exceedingly lax in accepting justification of a hospital day on the basis of a possibly unjustified medical procedure. The dependence on medical procedures suggests also that appropriateness levels measured using the AEP should not be linked to financial incentives: a hospital could achieve the desired level of appropriateness simply by leaving intravenous lines in for too long, or other such stratagems.
A practical limitation of appropriateness evaluations of hospital days using the AEP is the high correlation among dayspecific assessments performed in the same patient. This means that the required sample size is larger than would be necessary if day-specific assessments were mutually independent, for any level of precision, and that analysis of such data require statistical methods that take the lack of independence into account. Alternatively, one could randomly select only one day per patient for evaluation, but this can be easily accomplished only after patient discharge (once the duration of stay is known), and thus without the benefit of real-time information.
Finally, since the AEP is not perfectly reliable, some hospital days will be labelled as inappropriate by chance alone. 28 Thus when attempting to eliminate inappropriate hospital stays, the target should not be 0%. Eliminating all detectable unnecessary care may increase the likelihood of denial or delay of appropriate hospital care, of premature discharge, or of avoidable readmission.
